Introduction {#s2}
============

IL-17A and IL-17F, hereafter refer to as IL-17, are signature proinflammatory cytokines of the CD4^+^ T helper 17 (Th17) cells. They function either as a homodimer or heterodimer and signal through a heterodimeric receptor complex that consists of IL-17 receptor A (IL-17RA) and IL-17RC ([@bib13]; [@bib16]; [@bib37]; [@bib41]; [@bib43]; [@bib52]; [@bib65]; [@bib74]; [@bib127]; [@bib139]; [@bib138]; [@bib145]).

While IL-17 is essential for the protection against extracellular bacterial infection and fungal infection, dysregulation of IL-17 production and/or signaling often results in unresolved inflammation, leading to the autoimmune response and tissue destruction. Attesting to its role in autoimmunity, the anti--IL-17A neutralizing antibody secukinumab showed \>80% response rate in patients with moderate-to-severe psoriasis ([@bib5]; [@bib76]; [@bib90]), which led to its approval by the US Food and Drug Administration. Since then, secukinumab has also been approved for the treatment of psoriatic arthritis and ankylosing spondylitis, with additional autoimmune conditions under active clinical investigation as potential indications ([@bib89]).

In addition to autoimmunity, dysregulated IL-17 is emerging as a major pathogenic factor involved in both the early and late stages of cancer development. Ablation of IL-17 blunts tumorigenesis in a wide range of organs in mouse models, including colon ([@bib23]; [@bib50]; [@bib135]; [@bib147]), liver ([@bib85]; [@bib118]), pancreas ([@bib88]; [@bib150]), lung ([@bib15]; [@bib68]), and skin ([@bib17]; [@bib141]). Inhibition of IL-17 has also been shown to suppress metastasis and improve the sensitivity to both chemotherapy and radiation therapy in preclinical cancer models ([@bib27]; [@bib80]; [@bib84]; [@bib135]). In support of these preclinical findings, higher levels of serum IL-17 are associated with poor prognosis for a variety of solid tumors in cancer patients ([@bib101]); several IL-17A polymorphisms have been associated with cancer susceptibility ([@bib2]; [@bib7]; [@bib36]; [@bib107]), which would benefit from validation in independent cohorts.

Despite the growing evidence on the pathogenic role of IL-17 in cancer, the underlying molecular and cellular mechanisms are still not completely understood. One emerging concept is that chronic tissue damage and the associated tissue repair process may lead to cancer ([@bib71]; [@bib110]). Early studies indeed suggested that "tumor production is a possible overhealing" or, alternatively, that "tumors are wounds that do not heal" ([@bib35]; [@bib110]). IL-17 has been shown to play a critical role in tissue repair in the mucosal surfaces, implicating this cytokine as a link between wound healing and cancer development ([@bib17]). While the relationship between chronic inflammation and cancer is well recognized, knowledge regarding the mechanisms in these processes continues to evolve. In this review, we examine the increasing body of literature supporting the multifaceted role of IL-17 in promoting tumor development, progression, and therapy resistance.

Acute and chronic IL-17 production {#s3}
==================================

A number immune cell types, including Th17 cells ([@bib59]; [@bib77]), γδ T cells ([@bib95]), cytotoxic T cells (CD8^+^ αβ T cells; [@bib24]; [@bib57]), natural killer cells ([@bib32]; [@bib92]), and innate lymphoid cells ([@bib12]) are capable of producing IL-17. These populations are collectively termed type 17 cells to indicate this unique function ([@bib44]). The majority of type 17 cells are subjected to the similar regulatory axis: IL-17 production responds to IL-23 and IL-1 stimulation ([@bib21]; [@bib66]; [@bib77]; [@bib105]; [@bib119]). At the transcriptional level, while the expression of IL-17 is controlled by the transcription factor STAT3 ([@bib151]) and RORγt ([@bib66]) in all type 17 cells, c-Maf is emerging as another transcriptional factor required specifically for IL-17 production from γδ T cells ([@bib153]). While different type 17 cells play spatially and temporally distinct roles in physiological responses, they have all been implicated as sources of IL-17 in chronic inflammatory conditions, including cancer ([@bib31]; [@bib89]).

Despite the focus of this review, it is important to recognize the vital functions of IL-17 in physiological responses, especially in host defense and barrier protection ([Table 1](#tbl1){ref-type="table"}). For example, homeostatic IL-17 activity in the gut critically controls the composition and colonization of gut-resident microbiota by mediating the release of antimicrobial peptides (e.g., defensins; [@bib75]). Similarly, local and transient IL-17 activity defends the host against opportunistic pathogen, such as *Candida **albicans*** in the skin ([@bib93]). Additionally, IL-17--induced expansion and recruitment of neutrophils are central for the control and early clearance of invasive extracellular bacteria and fungi ([@bib19]; [@bib30]; [@bib34]; [@bib72]; [@bib114]). Furthermore, IL-17 helps to maintain the tight junctions between intestinal epithelial cells and promote their proliferation in response to wounding ([@bib81]; [@bib147]). These activities collectively ensure and enhance the barrier function of mucosal surfaces that are in direct contact with trillions of commensals. In human, blockade of IL-17 activity has been shown to exacerbate disease activity in Crohn's disease patients ([@bib64]; [@bib124]). Rare genetic defects in IL-17 signaling components are associated with increased susceptibility to opportunistic infections by extracellular bacteria and fungi ([@bib82]).

###### Beneficial and pathogenic activities of IL-17

  Cause                                                                                                               IL-17--induced response                                                                                                                                             Outcome                                                                        References
  ------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------ -------------------------------------------------------
  **Beneficial functions**                                                                                                                                                                                                                                                                                                                                               
  *C*.*albicans* infection                                                                                            Neutrophilia (via the induction of G-CSF, CXCL1, etc.) and production of antimicrobial peptides                                                                     Clearance of invading fungi                                                    [@bib157]; [@bib30]; [@bib158]; [@bib159]; [@bib114];
  *Staphylococcus aureus*, *Helicobacter pylori*, *Mycobacterium tuberculosis*, *Pseudomonas aeruginosa* infections   Neutrophilia (via the induction of G-CSF, CXCL1, etc.) and production of antimicrobial peptides                                                                     Clearance of invading extracellular bacteria                                   [@bib19]; [@bib34]; [@bib165]; [@bib72]; [@bib166]
  SFB colonization                                                                                                    Production of α-defensin and induction of Pigir, which increased IgA trancytosis                                                                                    Limiting the SFB expansion                                                     [@bib75]
  *Staphylococcus epidermidis* colonization                                                                           Upregulation of S100A8 and S100A9, and recruitment of neutrophils                                                                                                   Preventing fungal infection                                                    [@bib93]
  Colonization by mucosal-resident commensals                                                                         Production of RegIIIγ and induction of Pigir, increasing IgA transcytosis                                                                                           Reinforced intestinal immune barrier                                           [@bib164]
  Acute ETBF colonization                                                                                             Mucosal proliferation and recruitment of leukocyte                                                                                                                  Fight infection and restore the barrier integrity                              [@bib160]
  Mechanical injury to the skin                                                                                       Expression of antimicrobial molecules, including RegIIIγ; activation of Lrig1^+^ skin stem cells and induction of progenies from Lrig1^+^ cells for tissue repair   Wound closure                                                                  [@bib17]; [@bib86]
  Damage to intestinal epithelium                                                                                     Enhanced tight junctions among epithelial cells; induction of Plet1^+^ progenitor cells for tissue repair                                                           Reinforced intestinal physical barrier, restoration of intestinal epithelium   [@bib81]; [@bib113]; [@bib147]
  CDE-induced liver inflammation                                                                                      Liver progenitor cell expansion and differentiation                                                                                                                 Liver regeneration                                                             [@bib53]
  Bone injury                                                                                                         Activation of osteoblast                                                                                                                                            Bone regeneration                                                              [@bib163]
  **Pathogenic functions**                                                                                                                                                                                                                                                                                                                                               
  Chronic ETBF colonization in mice with oncogenic mutation                                                           Recruitment of polymorphonuclear myeloid cells                                                                                                                      Colon tumorigenesis                                                            [@bib23]; [@bib162]; [@bib161]; [@bib160]
  Oncogenic mutation (Kras, loss of p53)--induced dysbiosis in the lung                                               Recruitment of neutrophils                                                                                                                                          Formation of lung adenocarcinoma                                               [@bib68]
  Chemical-induced liver damage                                                                                       Recruitment of MDSCs                                                                                                                                                Liver tumorigenesis                                                            [@bib118]
  Chemical/wounding-induced skin inflammation and injury                                                              Proliferation of Lrig1^+^ skin stem, expansion and migration of progenies of Lrig1^+^ stem cells for tissue repair                                                  Skin tumorigenesis                                                             [@bib17]; [@bib134]; [@bib141]
  Damage to intestinal epithelium                                                                                     Induction of Plet1^+^ progenitor cells for tissue repair                                                                                                            Colon tumorigenesis                                                            [@bib147]
  Compromised intestinal barrier integrity from loss of tumor suppressor gene *Apc*                                   Proliferation of transformed enterocytes, induction of IL-6                                                                                                         Colon tumorigenesis                                                            [@bib135]; [@bib50]
  Oncogenic mutation (Kras)                                                                                           Induction of stem cell phenotype in transformed pancreatic cells                                                                                                    Pancreatic tumorigenesis                                                       [@bib88]; [@bib150]

Gray shading indicates induction of inflammatory mediators; yellow shading indicates activation of cell proliferation. CDE, ethionine-supplemented; SFB, segmented filamentous bacteria.

In contrast to the self-limiting and acute IL-17 activity during a physiological response, chronic IL-17 production has been shown to drive tumor formation and progression ([Table 1](#tbl1){ref-type="table"}). Dysregulated IL-17 production can be triggered by an intractable pathogenic microbiota, which prompts a continued attempt by the immune system to reign in the uncontrolled and invasive colonization. For instance, persistent dysbiosis promotes the formation of lung adenocarcinoma by triggering sustained IL-17 production from γδ T cells. Another example is the intestinal colonization by the enterotoxigenic *Bacteroides fragilis* (ETBF), a carcinogenic bacteria that enhances IL-17--dependent colon tumorigenesis in genetically susceptible mice bearing defective tumor-suppressor gene *Apc* ([@bib23]). Interestingly, mucosa tissue from familial adenomatous polyposis patients was associated with the presence of ETBF and a subtype of *Escherichia coli* that was also implicated in colon carcinogenesis ([@bib33]). Furthermore, combined colonization by these two bacterial strains induced robust colon tumorigenesis in an IL-17--dependent manner in recipient mice, pointing to a role of IL-17 in early tumorigenesis in human. In addition to aberrant commensals, repeated tissue injury is also known to enhance IL-17--dependent tumorigenesis in mouse models of skin and colon cancer. In this case, sustained tissue repair instigates the proliferation of premalignant cells, leading to tumor formation. These studies suggest the very same IL-17--orchestrated responses that mediate host defense and barrier protection can turn into pathogenic driving tumor formation when the reaction becomes chronic ([Table 1](#tbl1){ref-type="table"}). In the following sections, we discuss how two major IL-17--induced cellular responses, the production of inflammatory mediators and activation of cell proliferation, contribute to tumor formation and progression.

IL-17--induced inflammatory response and cancer {#s4}
===============================================

Chronic IL-17 activity leads to a protumor microenvironment ([Fig. 1 A](#fig1){ref-type="fig"}). This effect is dependent on its ability to induce the production of inflammatory mediators, mobilizing myeloid cells and reshaping the phenotype of stromal cells.

![**IL-17 induces inflammatory mediators to promote tumor progression. (A)** IL-17 stimulates the production of myeloid-mobilizing cytokines (e.g., G-CSF) to expand myeloid cells, predominantly neutrophils or granulocytic MDSCs. These expanded myeloid cells are subsequently recruited to the tumor tissue by IL-17--induced chemokines (e.g., CXCL1 and CXCL5). The recruited myeloid cells can promote tumor progression by augmenting angiogenesis and suppressing antitumor immunity. In addition, IL-17--induced protumoral cytokines such as IL-6 function in a paracrine manner to enhance tumor growth and survival. **(B)** IL-17 induces the production of inflammatory mediators by activating transcription (e.g., NF-κB) and posttranscriptional regulation of gene expression. While Act1 is the adaptor protein for IL-17R, it also functions as a crucial RNA-binding protein that directs the formation of compartmentally distinct RNA--protein complexes to regulate the fate of otherwise unstable mRNAs. As part of the feedforward, self-reinforcing mechanism, Arid5a is induced by IL-17 to suppress the nuclease Regnase-1. Additionally, Regnase-1 is phosphorylated by TBK1/IKKi and thereby removed from the polysomes in an Act1-dependent manner. AA represents the poly A tail; P indicates a phosphorylation event. Reprinted with permission, Cleveland Clinic Center for Medical Art & Photography © 2019. All rights reserved.](JEM_20190297_Fig1){#fig1}

IL-17 induces inflammatory mediators at both transcriptional and posttranscriptional levels {#s5}
===========================================================================================

IL-17 binds the IL-17R to trigger inflammatory response by inducing proinflammatory cytokines and chemokines from epithelial and stromal cells. This is achieved through a combination of weak transcriptional changes (activation of NF-κB and C/EBP) and less well-defined but more robust posttranscriptional changes that include stabilization of specific mRNAs and protein translation. Cytokine and chemokine mRNAs have short half-lives because of conserved *cis* elements within the 3′ untranslated regions that can be recognized by RNA-binding proteins (e.g., SF2) and mediate the sequential deadenylation, decapping, and ultimately exonucleolytic degradation of the RNA ([@bib3]; [@bib11]; [@bib45]; [@bib61], [@bib62]; [@bib112]; [@bib117]). While multiple mRNA destabilizing mechanisms have been discovered, little is understood about the stabilization of mRNAs encoding inflammatory factors. Act1 is the key adaptor molecule directly recruited to IL-17R and is required for both the transcriptional and posttranscriptional changes induced by IL-17 ([@bib14]; [@bib62]; [@bib103]).

The mechanisms by which extrinsic signals are relayed to specific RNA-binding proteins to regulate select cohorts of mRNAs remain poorly understood. A recent progress was the unanticipated discovery that Act1 directly binds RNA ([@bib62]). This finding provides an example of a receptor-interacting adaptor molecule, Act1, playing a direct role in mRNA metabolism, orchestrating receptor-mediated selectivity of mRNA stabilization and translation ([Fig. 1 B](#fig1){ref-type="fig"}). The SEFIR (similar expression to fibroblast growth factor genes and IL-17R) domain of Act1 recognizes and binds to unique stem-loop structures (termed SEFIR-binding elements) in IL-17 target transcripts, enabling Act1 to direct the formation of three compartmentally distinct protein--RNA complexes that prevent mRNA decay in the nucleus, inhibit mRNA decapping in P-bodies, and promote client mRNA translation in the polyribosomes. The posttranscriptional regulation of mRNA is part of a self-reinforcing and feedforward mechanism that potentiates IL-17 activity. This is illustrated by IL-17--induced expression of Arid5a, which in turn counteracts ribonuclease-mediated degradation of labile transcripts and promotes mRNA translation ([@bib3]). A set of RNA destabilizers, including SF2, Dcp1/2, Regnase-1, and Roquins, has been shown to balance IL-17--mediated mRNA stabilization. IL-17 was shown to induce the interactions of Act1 with the kinases IKKi and TBK1, and Act1 binding to 3′ untranslated regions stem loops delivers these kinases to specific mRNAs, where they phosphorylate the RNA destabilizers that control mRNA fate ([@bib11]; [@bib62]; [@bib121]). In the nucleus, the binding of Act1 competes off SF2 from the mRNAs by bringing IKKi to phosphorylate SF2, preventing SF2-mediated mRNA decay. In the cytoplasm, RNA binding of the Act1--TBK1 complex results in phosphorylation of the Dcp1 subunit of the mRNA 5′ decapping complex, resulting in loss of decapping activity and mRNA stabilization. Moreover, TBK1 and IKKi were also able to induce phosphorylation of Regnase-1 in an Act1--dependent manner, followed by the release of Regnase-1 from the ER into the cytosol, thereby losing its mRNA degradation function and promoting expression of IL-17 target genes ([@bib121]). The mechanisms for the interplay between the stabilizers and destabilizers under IL-17 will continue to evolve, especially regarding the feedforward mode of action governed by Arid5a.

Because IL-17 is consistently found to be a modest transcriptional activator in vitro, the ability to control the post-transcriptional mRNA metabolism is believed to underlie its potent pro-inflammatory activity in vivo ([@bib89]). The impact on mRNA metabolism also enables IL-17 to synergize with other cytokines such as TNF to amplify the inflammatory response ([@bib18]). Interestingly, IL-17 has been shown to cooperate with a wide range of signaling activators, including IFN-γ, IL-13, TGF-β, and even microbial products ([@bib38]; [@bib56]; [@bib69]; [@bib125]; [@bib131]). Such promiscuity is highly relevant but poorly understood in the context of intratumoral inflammation, which is usually driven by a myriad of factors and exhibits considerable heterogeneity, even among tumors of the same tissue origin. With accumulating evidence demonstrating a fundamental role of intratumoral inflammation in cancer progression and response to therapies, extensive investigations are warranted to determine whether different synergizing partners of IL-17 drive divergent inflammatory outcomes in tumors.

IL-17--induced inflammatory mediators engage myeloid cells to promote cancer progression {#s6}
========================================================================================

IL-17 is exalted as the orchestrator of immunity partly because it promotes the production of inflammatory mediators, predominantly neutrophils, that stimulate the expansion and tissue infiltration of myeloid cells ([@bib130]). While the recruitment of neutrophils critically contributes to IL-17--mediated host defense ([@bib146]), a population of pathogenic myeloid cells are generated from sustained IL-17 activity as a result of nonresolving inflammation-associated chronic wounding, persistent infection, autoimmune response, or carcinogenesis ([@bib129]). These IL-17--dependent tumor-promoting myeloid populations are a hallmark in IL-17--sculpted tumor microenvironment ([Fig. 1 A](#fig1){ref-type="fig"}). Available evidence indicates that IL-17 mobilizes the myeloid cells via two steps. IL-17 was shown to induce G-CSF expression to promote the expansion of granulocytes in several cancer models ([@bib22]; [@bib27]). Additionally, IL-17--mediated production of proinflammatory cytokines such as IL-6 and TNF may play important roles in conferring a suppressive phenotype in the recruited myeloid cells ([@bib129]).

Referred to as myeloid-derived suppressor cells (MDSCs) or tumor-induced neutrophils, IL-17--dependent myeloid cells are mostly granulocytes that share similar phenotypical markers with neutrophils ([@bib27]; [@bib68]; [@bib85]; [@bib140]; [@bib152]). In human, the frequencies of intratumoral granulocytic polymorphonuclear MDSCs were found to correlate with IL-17--producing cells in both gastric and colorectal cancers ([@bib140]; [@bib152]). The induction of pathogenic myeloid cells is associated with tumor progression in a broad range of IL-17--dependent murine cancer models, including colon cancer ([@bib23]; [@bib126]), lung cancer ([@bib15]; [@bib68]), liver cancer ([@bib85]), and breast cancer ([@bib27]). In a mouse model of lung adenocarcinoma driven by oncogenic KRAS and IL-17--dependent airway inflammation, depletion of Gr1^+^CD11b^+^ cells suppressed tumor growth in the lungs ([@bib15]). Likewise, anti-Gr1 antibody--mediated depletion of granulocytic MDSCs attenuated IL-17--induced tumor growth in a subcutaneous model of hepatocellular carcinoma ([@bib85]). In addition, in a mouse model of spontaneous breast cancer, abrogation of tumor-induced, Ly6G^+^ neutrophils resulted in significant reductions of pulmonary and lymph node metastases ([@bib27]). Collectively, these studies demonstrate that myeloid cells accumulated in IL-17--dependent cancer models contribute to IL-17--mediated tumor progression.

Two main mechanisms have been proposed to underlie the tumor progression mediated by IL-17--mobilized myeloid cells. First, several in vivo studies support the idea that the IL-17--dependent myeloid cells promote tumor progression via the inhibition of antitumor immunity ([@bib155]; [@bib154]; [@bib27]). For instance, while depletion of tumor-induced neutrophils in the IL-17--dependent model of spontaneous breast cancer metastases improved cytotoxic CD8 T cell function with limited metastases, simultaneous abrogation of cytotoxic T cells in neutrophil-depleted mice restored cancer dissemination ([@bib27]). Second, IL-17--mobilized myeloid cells have been shown to express angiogenic factors including Bv8 and MMP9 and promote angiogenesis in several tumor types in mouse ([@bib15]; [@bib22]), fueling tumor progression by enhancing tumor vascularization.

A possible role for IL-17 in remodeling the stromal architecture of tumor microenvironment {#s7}
==========================================================================================

An underexplored aspect of the IL-17 activity in tumor microenvironment is its impact on the cancer-associated fibroblasts (CAFs). Accumulating data suggest that CAFs can be a driving force behind cancer progression ([@bib115]; [@bib143]). IL-17 has been shown to promote pathological fibrosis in the lung ([@bib96]), intestine ([@bib63]), and the liver ([@bib91]; [@bib120]). At the cellular level, IL-17 can activate many primary and immortalized fibroblasts ([@bib60]; [@bib103]) and promote their proliferation, providing a potential mechanism for IL-17 to mediate fibrosis ([@bib87]). Moreover, IL-17 can synergize with suboptimal doses of TGF-β in mediating the expression of profibrotic genes ([@bib39]). Therefore, it is possible that IL-17 might remodel stromal architecture in the tumor to promote tumor growth as well as resistance to therapy. Future studies are required to elucidate the cell type--specific role of IL-17 signaling in CAFs during tumorigenesis and tumor progression.

In summary, via the transcriptional activation and receptor-mediated stabilization of select mRNAs, IL-17 critically fosters a favorable microenvironment for tumor progression by inducing the production of inflammatory mediators in cooperation with a wide range of ligands abundant in the tumor microenvironment.

IL-17--induced mitogenic signaling and cancer {#s8}
=============================================

Besides the impact on tumor microenvironment, recent studies have discovered new dimensions of IL-17 activity that directly promotes the proliferation of premalignant cells, which plays a crucial role in the early stage of tumorigenesis ([Fig. 2 A](#fig2){ref-type="fig"}).

![**IL-17 signaling links wound healing to tumor growth. (A)** IL-17 stimulates the proliferation of Lrig1^+^ cells and promotes the expansion and migration of their progeny. Expanded Lrig1^+^ progeny migrate out of the hair follicle and participate in reepithelialization. In the presence of oncogenic mutations such as KrasG12D, the IL-17--expanded progeny of Lrig1^+^ cells contribute majorly to wound- or inflammation-induced tumor tissue. **(B)** IL-17 stimulation in Lrig1^+^ cells leads to the recruitment of EGFR by TRAF4 to the IL-17R complex. The IL-17R adaptor Act1 then recruits Src to the receptor complex, resulting in the transactivation of EGFR. EGFR subsequently phosphorylates MEKK3, initiating the MEKK3--MEK5--ERK5 cascade. RA, IL-17 receptor A; RC, IL-17 receptor C; SRC, proto-oncogene tyrosine-protein kinase Src; TK, tyrosine kinase domain. Reprinted with permission, Cleveland Clinic Center for Medical Art & Photography © 2019. All rights reserved.](JEM_20190297_Fig2){#fig2}

Mitogenic IL-17 signaling choreographs stem cell activity {#s9}
---------------------------------------------------------

Normal tissue homeostasis at mucosal surfaces such as the skin and intestine is maintained by a steady turnover of epithelial cells generated by adult tissue stem cells ([@bib25]; [@bib46]). The dynamic turnover is tightly controlled to prevent abnormal tissue growth. The action of mitogenic factors (growth factors and morphogens) required for tissue stem cell self-renewal is often anatomically restricted in a niche, such as the crypt in the intestine and hair follicle in the skin, to limit the proliferative activity to a confined compartment ([@bib40]; [@bib144]). Moreover, adult tissue stem cells also express negative regulators that restrict the activity of potent mitogenic stimuli ([@bib94]; [@bib99]; [@bib136]). For example, intradermal injection of epidermal growth factor (EGF) or transgenic overexpression of epidermal growth factor receptor (EGFR) ligands does not induce epidermal growth in adult mice ([@bib28]; [@bib29]; [@bib128]). In contrast, infection and tissue injury can readily accelerate the proliferation of tissue stem cells in order to rapidly supply new epithelial cells that migrate to and repair a breached barrier. While inflammatory response has been proposed to be contribute to tissue repair ([@bib71]), it remains unclear whether and how inflammatory cytokines influence stem cells during tissue regeneration.

Accumulating evidence indicates that cytokines can directly regulate of stem cell activity ([@bib10]; [@bib51]; [@bib58]). In particular, IL-17 was recently found to be a critical inflammatory signal that activates a group of Lrig1^+^ stem cells that normally residing in the hair follicle to participate in wound healing in the skin ([@bib17]). A novel IL-17--induced EGFR-mediated Act1--TRAF4--ERK5 axis was discovered in the Lrig1^+^ stem cells ([@bib17]; [@bib141]). Upon IL-17 stimulation, IL-17R recruits EGFR to the receptor complex. IL-17R hijacks the tyrosine kinase activity of EGFR to activate a MEK3--MEK5 complex that, in turn, phosphorylates the effector kinase ERK5 to promote the Lrig1^+^ stem cell proliferation and migration ([Fig. 2 B](#fig2){ref-type="fig"}). Notably, the recruitment of EGFR to the IL-17R complex is driven by TRAF4, which binds to motifs in IL-17Rs and EGFRs and brings the receptors in close proximity. The close proximity of IL-17R and EGFR allows the adaptor protein Act1 to recruit c-Src for IL-17A--induced EGFR transactivation, enabling the activation of the MEK3--MEK5--ERK5 axis. Additionally, a substantial body of literature indicates that IL-17 stimulation is able to directly promote cell proliferation (e.g., keratinocytes and intestinal epithelial cells) by activating mitogenic signaling pathways such as ERK1/2 ([@bib47]; [@bib55]; [@bib103]; [@bib111]; [@bib113]; [@bib135]; [@bib147]). Notably, ERK1/2 and ERK5 were shown to regulate distinct sets of genes ([@bib109]). The in vivo distinct functions of ERK1/2 versus ERK5 have been demonstrated by the obligatory role of IL-17A--induced ERK5 activation in the KRAS G12D-driven, wound-induced tumorigenesis model ([@bib17]). Future studies are required to delineate the possible cooperativity between IL-17A--induced ERK1/2 and ERK5 activation in orchestrating stem cell activity during tissue repair and regeneration.

Interestingly, Lrig1 is a negative regulator of EGF-induced EGFR activation ([@bib54]), and Lrig1^+^ cells do not contribute to the homeostasis of the epidermis outside of the hair follicle in the steady state ([@bib67]; [@bib94]; [@bib108]). However, in response to wounding or inflammation, these cells are enlisted to generate progenies that proliferate and migrate out of the hair follicle to contribute to reepithelialization ([@bib94]). Since Lrig1 suppresses EGFR signaling in these cells, the ability of IL-17 to transactivate EGFR is crucial in calling this population of cells into action, as inflammation is usually caused by environmental insults that represent a state of emergency. The impact of IL-17 on Lrig1^+^ cells is an example of how a proinflammatory cytokine coordinates the activity of stem cells in response to wounding for tissue repair and tumorigenesis. An array of different stem cells marked by distinct receptors (e.g., Lgr5 and Lgr6) can be found in the skin ([@bib73]; [@bib144]). It is possible that the other stem cells may be enlisted by additional inflammatory cytokines to contribute to repairing the wounded skin.

In addition to the skin, the intestinal crypts have Lrig1^+^ cells ([@bib99]; [@bib136]) overlapping with a subgroup of Lgr5^+^ cells ([@bib98]), which is thought to be a reserved stem cell population that can be engaged for intestinal regeneration ([@bib6]). In the stomach, Lrig1 also marks a group of progenitor cells that contribute to damage recovery ([@bib20]). Although further studies are required to determine whether IL-17--induced EGFR-mediated ERK5 activity also operates in these Lrig1^+^ cells, available evidence shows that IL-17 activity induces the emergence of a highly proliferative progenitor cell population marked by the protein Plet1 from Lgr5^+^ cells during intestinal inflammation ([@bib147]). Hence, choreographing stem cell activity is emerging as a new paradigm of IL-17 function in mucosal surfaces during inflammation and tissue repair.

IL-17 signaling links wound healing to tumor growth {#s10}
---------------------------------------------------

The mitogenic signal of IL-17 is crucial for the maintenance and repair of tissue barrier function. This protective role of IL-17 was first appreciated in patients with inflammatory bowel disease, whose symptoms were paradoxically aggravated by blockade of IL-17 activity that was intended to quench the chronic intestinal inflammation ([@bib64]; [@bib124]). It is now understood that IL-17 is indispensable for tissue regeneration in response to injury in the gut ([@bib81]; [@bib113]; [@bib147]). In addition, impaired IL-17 response has been shown to inhibit liver regeneration after hepatectomy ([@bib42]; [@bib104]) and delay the reepithelialization of incisional wounds in mouse models ([@bib17]; [@bib86]).

Tumors have been proposed to be the wounds that do not heal ([@bib35]). Accumulating evidence suggests that IL-17 links inflammation, wound healing, and tumorigenesis. Incisional wounds in mice that carry the oncogenic Kras in Lrig1^+^ cells drive skin tumorigenesis ([@bib94]). While IL-17--induced progenies of Lrig1^+^ cells critically contributes to wound healing in the presence of the oncogene, the IL-17--induced expansion and migration of Lrig1^+^ progeny are required for wounding-induced skin tumorigenesis ([@bib17]; [Fig. 2 B](#fig2){ref-type="fig"}). In a chemical-induced skin cancer model driven by IL-17 signaling, lineage tracing has shown that the Lrig1^+^ progeny comprise the majority of tumor mass, indicating that the same cellular process mediates inflammation-associated tumorigenesis ([@bib17]). In addition, IL-17A regulates the development of stem cell features in both mouse and human pancreatic cancer models and critically contributes to tumor growth and progression ([@bib88]; [@bib150]). Intriguingly, IL-17 can also promote the expansion of liver progenitor cells to promote liver regeneration ([@bib53]); the absence of IL-17 signaling ablates tumorigenesis in a chemical-induced hepatocellular carcinoma ([@bib118]), an inflammation-driven liver cancer model. This IL-17--driven cellular mechanism linking tissue repair to tumorigenesis probably also applies to colon cancer. While IL-17 signaling in transformed enterocytes promotes adenoma formation ([@bib135]), IL-17 signaling induced the expansion of intestinal stem cells contributing the repair of intestinal epithelium ([@bib113]; [@bib147]). Therefore, IL-17--mediated choreographing of stem cell activity appears to be a recurring paradigm underlying both IL-17--mediated tissue repair and tumorigenesis.

In addition to directly engaging mitogenic kinases such as ERK5, IL-17 has also been shown to promote tumor cell proliferation via its target genes. IL-17--induced IL-6 production enhanced the growth of implanted syngeneic tumors ([@bib134]) and was shown to partially contribute to tumorigenesis in the colon ([@bib135]). Notably, IL-17--induced IL-6 production from the tumor microenvironment activates tumor-intrinsic STAT3 to promote its growth ([@bib134]). Of interest, IL-6 it also engages the Src--YAP module to promote epithelial regeneration ([@bib122]) and colonic tumorigenesis ([@bib49]; [@bib123]), implicating the multiple downstream effector functions of the IL-17--IL-6 axis. Additionally, in a mouse model of prostate cancer, IL-17 drives growth and progression of prostate adenocarcinoma by instigating MMP7 production ([@bib148], [@bib149]). Taken together, these studies indicate that IL-17 can employ a multitude of mechanisms to support early stages of tumor formation as well as tumor progression.

IL-17 in anticancer therapies {#s11}
=============================

Resistance to chemotherapy and radiation therapy {#s12}
------------------------------------------------

Despite the growing number of new therapeutic modalities, chemotherapy and radiotherapy remain the mainstays in the standard of care for many advanced-stage malignancies ([@bib4]; [@bib8]; [@bib70]; [@bib97]). These conventional treatments are more than palliative, as they prevent disease recurrence and provide survival benefit when the disease is responsive ([@bib70]). Unfortunately, only a small percentage of patients are complete responders. The resistant residual viable tumor cells can be a source of recurrence and metastasis. Hence, there is strong clinical interest in identifying biological factors that enhance or hinder tumor response. Because intratumoral inflammation is implicated in driving therapy failure ([@bib106]), IL-17 is now being examined as a cause of chemoresistance. Supporting evidence includes the presence of IL-17--activated prosurvival and mitogenic signaling and conferred resistance to clinically used cytotoxic agents in a variety of cancer cell lines ([@bib9]; [@bib26]; [@bib84]; [@bib116]). In addition, low-dose radiation induced IL-17 in the tumor beds and enhanced the growth of subsequently implanted tumor in an IL-17--dependent manner in a mouse model ([@bib80]). These results suggest that IL-17 may indeed contribute to therapy resistance.

Both chemotherapy and radiotherapy are external insults designed to cause injury, albeit intended malignant tissues. Accordingly, the very same signaling and cellular mechanisms by which IL-17 drives tissue repair and tumorigenesis may also contribute to the "healing" of tumor in response to chemotherapy and radiotherapy. Interestingly, the choreographing of stem cell activity by IL-17 signaling in tissue repair and tumorigenesis appears to hold true in the highly tumorigenic, stem-like cancer-initiating cells, which have been shown in certain cancers to be the culprit of metastasis and disease recurrence ([@bib100]). IL-17 promotes the self-renewal and thereby the maintenance of cancer-initiating cells in colorectal and ovarian cancer ([@bib84]; [@bib142]). In addition, IL-17 induced quiescent gastric cancer stem cells to acquire features of epithelial-to-mesenchymal transition ([@bib142]), a cellular process associated with cancer metastasis as well as therapy resistance ([@bib1]). Moreover, since Lrig1 can be induced in cancer cells undergoing epithelial-to-mesenchymal transition ([@bib133]; [@bib137]), expression of Lrig1 would set stage for the IL-17--EGFR--ERK5 axis and bestow a survival advantage in response to the chemotherapy and radiotherapy.

IL-17 in immunotherapy {#s13}
----------------------

Cancer treatment is now in the era of immunotherapy. While the indications continue to expand, only a small subset of patients may benefit from checkpoint inhibitors such as anti-PD1. Although there is limited information as to the role of IL-17 in modifying the response to checkpoint inhibitors, correlative evidence suggests that IL-17 activity may drive resistance to antitumor immunity and contribute to the therapeutic failure. Th17 signature was found to associate with poor prognosis in colorectal cancer patients ([@bib156]). Intriguingly, Th17 cells exist in much higher frequency in microsatellite stable tumors than in tumors with microsatellite instability in colorectal cancer patients ([@bib102]). Incidentally, recent studies have identified microsatellite instability as a predicative marker for response to checkpoint inhibitors ([@bib78], [@bib79]; [@bib132]). Thus, there is possibly an unexplored negative association between Th17 cells and response to checkpoint inhibitors. In support of this idea, data from recent clinical analysis implicated IL-17 signature in the resistance to anti-PD1 therapies in colorectal cancer ([@bib83]) and melanoma patients ([@bib48]). The evidence raises the possibility that anti--IL-17 may help to improve the response to checkpoint inhibitors.

Conclusions and perspectives {#s14}
============================

This review summarized the literature regarding how IL-17--mediated inflammatory response and mitogenic signaling exert the various impacts on tumor development, progression, and resistance to therapies. IL-17--induced inflammatory mediators such as G-CSF, IL-6, and CXCL1 stimulate the expansion and recruitment of dysfunctional myeloid cells to establish a proangiogenic and immune suppressive tumor environment that enhances tumor growth and metastasis. Discoveries of receptor-directed mRNA metabolism via mRNA stabilizers (e.g., Act1 and Aria5) of inflammatory mRNAs provide possible new therapeutic approaches to intervene IL-17--dependent inflammatory response in cancer. Another major recent development in the mechanism by which IL-17 contributes to tumor formation and progression is the discovery of IL-17--mediated direct mitogenic signaling in tissue stem cells such as Lrig1^+^ cells in the skin and colon. The activation of a unique IL-17--mediated EGFR--ERK5 axis in the tissue stem cells via the integration of IL-17 with EGFR signaling helps to explain the critical link of IL-17 in tissue repair and cancer. While the tissue repair response is called into action when conventional cytotoxic therapies are applied to the tumor tissue, future studies are required to elucidate the potential roles of IL-17--mediated inflammatory response and mitogenic signaling in therapy resistance.

Several biologics that effectively block IL-17 activity in humans have been approved by the US Food and Drug Administration for treating autoinflammatory diseases. These therapeutic agents may potentially be employed as adjuvant treatment to overcome resistance to chemotherapies and radiotherapies. To this end, preclinical studies are still needed to warrant clinical trials, and biomarkers for intratumor IL-17 activity may be required to identify responsive patients. Cancer treatment is now in the era of immunotherapy. Although there is limited information as to the role of IL-17 in regulating the response to checkpoint inhibitors, based on the studies discussed in this review, it is important to examine whether neutralizing IL-17 sensitizes resistant tumors to cancer immunotherapy. Since IL-17 is emerging as a driver of immune-related adverse events in checkpoint inhibitor--treated patients, adding anti--IL-17 to standard checkpoint inhibitor regimen offers the enticing potential of killing both the tumor and autoimmune side effects with "one" shot.
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